Waardenburg syndrome type 1 (WS1) is a rare autosomal dominant disorder characterized by hair hypopigmentation, abnormal iris pigmentation, and congenital hearing loss. WS1 is caused by mutations in paired box gene 3 (PAX3). We identified a novel PAX3 mutation (c.1107 C4G, p.Ser369Arg) in a Japanese WS1 patient showing abnormal right iris pigmentation, right-sided congenital hearing loss, synophrys, incomplete left cleft lip, and cryptorchidism.
The patient was a 10-month-old Japanese boy born at 33 weeks of gestation with a (very low) birth weight of 1,250 g. He was referred to our hospital because of an incomplete left cleft lip. Body weight at the time of the first visit was 6,700 g at 10 months of age. Although his physique was petite, his nutritional status was good. The patient showed pigmentation abnormalities of the right iris, ocular hypertelorism (W index: 2.00), right-sided congenital hearing loss, synophrys, incomplete left cleft lip, and cryptorchidism. He was diagnosed with WS1 on the basis of clinical findings and the criteria proposed by the Waardenburg Consortium. 4 According to the parents, his family members, including the proband and mother, showed clinical features consistent with WS1 ( Figure 1 ). The proband is indicated by an arrow (Figure 1a :21). His mother's hair was speckled with grey. However, she showed no other symptoms (Figure 1a:20) . His mother's aunt showed a lateral iris pigmentation abnormality (Figure 1a:14) , and his mother's elder sister showed a lateral iris pigmentation abnormality and bilateral congenital hearing loss (Figure 1a:19) .
Surgery to repair the cleft lip was performed at 14 months, at a weight of 6,900 g. The preoperative assessment was not problematic.
His parents wanted the patient to undergo a genetic test for PAX3. For the genetic diagnosis, blood samples were obtained from the patient after informed consent was obtained from the parents. Genomic DNA was extracted from the blood samples using a standard protocol. All 10 exons and exon-intron junctions of the PAX3 gene were amplified from genomic DNA by PCR using primers designed with primer software (Genetyx software, Genetyx, Shibuya, Japan). The primers were designed to include an intron of 50 bp surrounding the exon. The sequencing was performed using forward and reverse primers. All the primer sequences are available on request. Sequencing was performed with a BigDye Terminator v3.1 Cycle Sequencing Kit and a 3500 × l Genetic Analyzer capillary sequencer (Life Technologies, Carlsbad, CA, USA). Mutation analysis revealed a novel missense mutation (c.1107 C4G, p.Ser369Arg) in exon 7 (Figure 2a) .
The mutation was predicted to be pathogenic using PolyPhen-2 (probably damaging, Hum Var 0.958, Hum Div 0.776). 7 MutationTaster indicated that the mutation was a disease-causing mutation (model: simple_aae, prob: 0.999980746176575). 8 Parental analysis was refused. The mutated Ser369 residue is evolutionarily conserved from fish to humans (Figure 2b ). Ser369 resides in a highly conserved transactivation domain that interacts with DNA ( Figure 2c ). These symptoms are believed to arise due to the mutation, which prevents the formation of a covalent disulfide bond (S-S bond), resulting in protein instability.
The variant p.Ser369Arg is located in exon 7. To date, other WS-related mutations have been reported in this exon. [9] [10] [11] [12] Most of the reported mutations in PAX3 are localized in exons 2-6. Deletions comprise two whole gene deletions and two intragenic deletions of exon 7, and exons 8 and 9. 12, 13 There is no correlation between the mutation type (missense, nonsense, or deletion) and severity of the phenotype. 13 A few mutations of PAX3 have been analyzed for their functional consequences. 1, 2, 13 In addition, functional studies are required to assess the exact molecular mechanisms induced by the c.1107C4G mutation. Cleft lip and palate are low-penetrance features of WS1 and have been found in 2.8% of the reported cases. 14 In conclusion, we identified a novel PAX3 mutation (c.1107 C4G, p.Ser369Arg) in a Japanese boy showing pigmentation 
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